Introduction {#S0001}
============

In the 1948 Universal Declaration of Human Rights the United Nations International Children\'s Emergency Fund (UNICEF) declared freedom of hunger and malnutrition a basic human right.^[@CIT0001]^ Despite this, 104 million children worldwide under the age of five years were underweight for age in 2010; 171 million were stunted and a further 20 million suffered from severe malnutrition.^[@CIT0002]^

Background {#S20002}
----------

The World Health Organization (WHO) defines malnutrition as 'the cellular imbalance between supply of nutrients and energy and the body\'s demand for them to ensure growth, maintenance, and specific functions'.^[@CIT0003]^ It is important to realise that malnutrition is not only a term used to indicate poor nutritional status, but that according to a study by Blossner and de Onis4 malnutrition also attributed to 54% of child deaths by potentiating infectious diseases. Most of these deaths (83%) occurred in mildly and moderately malnourished children and not in the severely malnourished group.

A recent study by Armstrong et al^[@CIT0005]^ as well as a study in Sri Lanka^[@CIT0006]^ demonstrated a relationship between socio-economic status and malnutrition in pre-school children in developing countries. Several studies^[@CIT0006],\ [@CIT0007],\ [@CIT0008]^ linked malnutrition with low income, unemployment, low educational status of parents, poor sanitation, type of housing and number of people per household.

If teachers are aware of the specific risk factors for malnutrition they can identify these children and also focus their education programmes on practical issues regarding diet and nutrition. In this way they can indirectly assist in reducing child mortality.

Malnutrition in children attributes to 54% of child deaths by potentiating infectious diseases. This study identified risk factors for malnutrition in Grade 1 pupils and will therefore enable teachers to refer and support children at risk and thereby indirectly contribute to a decrease in child mortality.

### Aim and objective

The primary aim of this study was to determine the extent of malnutrition and particularly under-nutrition in Grade 1 pupils in public sector schools in Bloemfontein. An objective of the study was to identify relationships between socio-economic parameters and malnutrition.

### Significance of the study

Malnutrition is a preventable and treatable condition, but it can have serious consequences if it is not managed adequately. If the risk factors for malnutrition are known, teachers will be able to identify children at risk and refer them for proper treatment. Schools will also be able to implement feeding programmes for the children with malnutrition as well as those at risk.

Research methods and design {#S0005}
===========================

Population {#S20006}
----------

Grade 1 pupils from six to seven years of age, attending public schools in Bloemfontein were our study population. From the 46 public schools in Bloemfontein (5893 Grade 1 pupils), 10 were selected using a random number table. One Grade 1 class per school was then chosen for the study according to a random number table. The exclusion criterion was Grade 1 pupils who had not obtained consent from the school and/or a parent/guardian.

Setting {#S20007}
-------

Bloemfontein is situated in the centre of South Africa and is the capital city of the Free State Province. Together with Botshabelo and Thaba Nchu it forms the metro of Mangaung.

Design {#S20008}
------

This was a cross-sectional study where Grade 1 pupils were weighed and measured to obtain their anthropometric data and parents or caregivers supplied demographic information by means of filling in a questionnaire.

Data collection methods and tools {#S20009}
---------------------------------

A pilot study was conducted at one school to test the questionnaires. Twenty-five questionnaires were filled in and returned. The questionnaire was then changed slightly and therefore the initial results were not included in the actual study. Validity was accepted at face value.

Thereafter the principals of each of the selected schools were contacted and the study was explained to them. All gave their written consent for the study. The consent forms and questionnaires developed by the researchers were distributed to the selected Grade 1 pupils. Consent forms as well as questionnaires were supplied in the learner\'s language of choice -- Afrikaans, English or Sotho -- to be completed by parents or guardians at home. The questionnaires were returned to the school in sealed envelopes to protect confidentially. In this way demographic data, as well as information on the number of people and children per household, type of housing, sanitation and availability of water, electricity and fridges were collected. Information regarding the child\'s food consumption and the parents' education level was also obtained. On the pre-arranged day the researchers then weighed and measured all the children who had obtained consent for the procedure and noted their measurements on the questionnaires. Standardised methods were used for the weight and height of each child, with a calibrated scale and a non-stretchable measuring tape attached to a wall. Data were collected during 2006 and analysed only after the 2007 guideline became available.

Ethical considerations {#S0010}
======================

The study was approved by the Ethics Committee of the Faculty of Health Sciences of the University of the Free State as well as the Department of Education in the Free State (ETOVS 23/04).

In 2006 WHO published the WHO Child Growth Standards,^[@CIT0009]^ which is regarded as the standard to measure the nutritional status of preschool children. The WHO Growth Reference for school-aged children and adolescents^[@CIT0010]^ was published in 2007 and it was used as reference in this study, together with body mass index (BMI) charts specific for age and gender. The following definitions, quoted from the above guidelines, were used in this study:**Underweight:** Weight-for-age less than two standard deviations below the median reference value. Underweight reflects a combination of acute and chronic malnutrition.**Wasting:** Weight-for-height less than two standard deviations below the median reference value. Wasting is considered an indication of acute or recent malnutrition.**Stunting:** Height-for-age less than two standard deviations below the median reference value. Stunting is considered an indication of chronic malnutrition.**Overweight:** A BMI above the 85th percentile and lower than the 95th percentile for children of the same age and sex.**Obesity:** A BMI at or above the 95th percentile for children of the same age and sex.

The body mass index (BMI) for age and sex is calculated as weight (kg)/height (m^2^). A BMI of less than the fifth percentile is considered as underweight according to WHO as well as the Centers for Disease Control and Prevention (CDC).

Analysis of the data was carried out by the Department of Biostatistics, UFS. Weight-for-age, height-for-age and weight-for-height tables and charts were used to differentiate between acute and chronic malnutrition. Z-scores of less than minus two SDs were regarded as malnutrition. Subgroups were compared, using chi-squared or Fisher\'s exact tests for categorical data and median tests for skew numeric data.

Results {#S0011}
=======

A total of 187 children were included in the study sample giving a response rate of 67%. The sample consisted of 55% (103) males and 45% (84) females. No child in this study was overweight-for-age or obese.

The results of the categories of malnutrition, namely weight-for-age, height-for-age, weight-for-height and gender are displayed in [Table 1](#T0001){ref-type="table"}. Weight-for-age is used to make the diagnosis of underweight, weight-for-height for wasting and height-for-age for stunting. No statistically significant difference occurred between boys and girls, with all *p*-values \>0.05. Nine per cent of the pupils were underweight.

###### 

Relationship between gender and weight categories.

  Categories    Boys   Girls   *p*-value        
  ------------- ------ ------- ----------- ---- ------
  Underweight   11     11      6           7    0.43
  Wasting       13     13      8           10   0.54
  Stunting      4      4       3           4    0.93

Stunting, which indicated chronic malnutrition, occurred in four per cent of the children. A weight-for-height calculation of minus two to minus three of the SD for median reference value, indicative of acute weight loss, occurred in 11% of the children. A total of 34 pupils (18%) presented with at least one of the three forms of malnutrition. A BMI of less than the fifth percentile occurred in 27% of the pupils.

The presence of running water to prepare hygienic food and a fridge to store the food safely was associated with less malnutrition as displayed in [Table 2](#T0002){ref-type="table"}. A *p*-value of \<0.05 was indicative of a statistically significant difference between two measurements. This information was not available for all the children; it was only available for 153 fathers and 168 mothers. The information was, however, available for all the malnourished children.

###### 

The association of malnutrition with the presence of running water, a flush toilet and a fridge in the house.

  House           Variables            Children (*n*)   *p*-value   
  --------------- -------------------- ---------------- ----------- ------
  Running water   Water in house       98               11          0.01
                  No water in house    55               23          
  Flush toilet    Flush toilet         134              28          0.17
                  No flush toilet      19               6           
  Fridge          Fridge in house      137              24          0.04
                  No fridge in house   18               10          

The majority of the children ate breakfast (82%), lunch (92%) and dinner (96%) on a daily basis and these factors were not associated with malnutrition. Twenty-four children did not take food to school and did not eat snacks between meals; 50% of these children were malnourished. This factor had a significant association with malnutrition with a *p*-value of 0.007.

The positive association between malnutrition and unemployment and poor education is demonstrated in [Table 3](#T0003){ref-type="table"}.

###### 

Association of malnutrition in Grade 1 pupils with parents' employment and educational status.

  Association   Status          Children without malnutrition   Children with malnutrition   *p*-value        
  ------------- --------------- ------------------------------- ---------------------------- ----------- ---- --------
  Father        Employed        91                              76                           17          50   0.047
                Unemployed      28                              24                           17          50   
  Mother        Employed        78                              58                           12          35   0.0002
                Unemployed      56                              42                           22          65   
  Father        With Grade 12   73                              61                           13          40   0.0177
                \< Grade 12     46                              39                           21          60   
  Mother        With Grade 12   79                              59                           11          32   0.0024
                \< Grade 12     55                              41                           23          68   

Illness during the previous month was reported by 41% of the malnourished children. This factor was significantly associated with stunting (*p* = 0.02), wasting (*p* = 0.04) and being underweight (*p* = 0.02).

The ownership of a house, type of house, number of people in the house, number of children in the household and sanitation method could not be associated with malnutrition in this study.

Discussion {#S0012}
==========

The term malnutrition includes both overweight and underweight. As no child included in this study was overweight, the discussion will only focus on under nutrition. Different classifications and calculations are used to look at different types of malnutrition and they will also be discussed in this study.

The 9% prevalence of underweight (measured as weight-for-age) in Grade 1 pupils in Bloemfontein is comparable to the 14% for the Free State which was recorded by the National Food Consumption Survey (NFCS-FB_I) of 2005, if the fact that this study was performed in an urban area is taken in consideration,^[@CIT0011]^ but is less than the 30% prevalence of underweight in sub-Sahara Africa and the global prevalence^[@CIT0012]^ of 17.6%. In the United States of America the incidence of underweight is less than 1% and in India it is more than 50%.^[@CIT0004]^

The association of malnutrition with the absence of water and fridges was statistically significant in this study population. The presence of water in the house provides better opportunities for the hygienic preparation and consumption of food and a fridge keeps food fresh for longer periods. This may also be an indirect measurement of improved socio-economic circumstances.

It was encouraging to see that most children ate at least three times a day. A concern is the 34 children (18%) who did not eat breakfast before they went to school, although this factor did not contribute to malnutrition. However, the recommendation for children of this age is three meals plus two to three snacks a day.^[@CIT0013],\ [@CIT0014]^ The 50% prevalence of malnutrition in children who did not take food to school or eat snacks between meals is something that needs to be addressed as nutritional snacks may improve the children\'s nutritional status. The type and amount of food that the children ate and took to school were not identified in this study.

Parents' low education and unemployment levels were significantly associated with malnutrition. It needs to be kept in mind that education and employment provide opportunities to earn money and to support the family. Unemployment and/or low education levels in mothers were identified in the study as important factors contributing to malnutrition. Mothers' low education levels as a cause of malnutrition was demonstrated in numerous studies.^[@CIT0006],\ [@CIT0015],\ [@CIT0016],\ [@CIT0017]^ Employment and education of parents were identified as protective factors against malnutrition in this study. 'Educate the girl child to save the next generation from malnutrition'.^[@CIT0006]^

Illness during the previous month was identified as a major contributing factor in malnutrition. Illness during the previous month occurred in 41% of the malnourished children. It is, however, difficult to determine causes and results here, as malnutrition can lead to suppressed immunity, which can lead to disease and as disease can cause malnutrition because of poor food intake during illness. Although BMI is used more often to diagnose and monitor overweight, it can also indicate rapid weight loss as weight changes occur more rapidly than changes in length over a short period of time, e.g. during a time of acute illness. A BMI of less than the fifth percentile, which occurred in 27% of the pupils, may be an indication of acute weight loss because of an illness during the previous month, rather than of chronic malnutrition, as the latter occurred only in five per cent of the children.

The ownership of a house, type of house, number of people in the house, number of children in the household and sanitation method could not be linked to malnutrition in this study. It has, however, been linked to malnutrition in studies performed in Sri Lanka^[@CIT0006]^ and Bangladesh.^[@CIT0007]^ A study in China^[@CIT0018]^ did not find a relationship between the number of children in the household and malnutrition, either.

Limitations of the study {#S0013}
========================

The response rate of 67% gave us a confidence interval of 7.1% and a standard error of 3.6% which is a little low, but still acceptable for this study at a confidence level of 95%.

Standardised methods and equipment were used to ensure accurate measurements, but measurement errors were still possible.

The questionnaires did not include information on the type or amount of food that was given for meals or snacks, but only on how often food was eaten.

Although the questionnaires were anonymous the accuracy of the information supplied could not be guaranteed.

It was difficult to compare the results of different studies as different parameters for malnutrition were used in different studies and some studies did not indicate which measurement/s they used.

Recommendations {#S20014}
---------------

Grade 1 teachers should know the risk factors for malnutrition and identify and appropriately refer these children.Feeding programmes at schools should focus on children at risk and also on snacks between meals.The Department of Education should adjust the school curriculum so that the subject of a healthy diet is introduced from the beginning of the school years. The Department should also keep children in school to improve their education and to prevent malnutrition in future.Unemployment and the lack of water and electricity in households should be priorities for local, provincial and national government.

It bears repeating: 'Educate the girl child to save the next generation from malnutrition'.^[@CIT0006]^

Conclusion {#S0015}
==========

Although the 18% prevalence of malnutrition in our study population was within the global norms, it means that one in every five Grade 1 pupils suffers from malnutrition. This makes them more prone to infections, which, in turn, can lead to early morbidity.

Different factors influence malnutrition in different parts of the world. In the Bloemfontein region the absence of water and fridges in houses, parents' unemployment and low education levels and the fact that children did not take food to school were the major factors associated with malnutrition. Illness during the previous month was also strongly associated with malnutrition.
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